ILATION and loss of reactivity of both pupils in a patient with traumatic intracranial hematoma is recognized as a most ominous sign, especially when it follows deterioration in consciousness and motor response. It signifies that severe brainstem compression has occurred and that evacuation of the clot may be followed by the classic brainstem (Duret's) hemorrhage and death. In these circumstances, there are often doubts about whether an operation is justified by the likely outcome; these doubts are increased if the pupillary abnormality is known to have been present for a long period of time.
With the increasing use of pharmacological paralysis, intubation, and ventilation in the initial management of head-injured patients, sometimes before their arrival in the hospital, pupillary reactivity may be the only sign on which to base such decisions. Although many prognostic factors following head injury have been widely investigated, 2, 4, 10, 15 few studies have focused specifically on the outcome of surgery in patients with dilated nonreactive pupils. Our study documents a consecutive series of patients who had nonreactive pupils at the time of evacuation of a traumatic intracranial hematoma. The study had two objectives. Our first aim was to determine outcome and hence to assess whether the prospects for recovery justified operation. Second, we aimed to determine whether prognostic factors could be identified in this group of patients that increased the likelihood of one or another outcome. D the hematoma. In addition, motor response and Glasgow Coma Scale score 26 were recorded, when available, either just before the operation or from the last clinical examination before administration of pharmacological neuromuscular paralysis. By reviewing patients' x-ray films, CT scans, and operation records we noted the type of lesion evacuated (extradural, subdural, or intracranial hematoma). From the CT scans we also noted the presence or absence of subarachnoid hemorrhage (SAH), signs of space-occupying lesion and raised intracranial pressure (such as midline shift), dilation of the contralateral ventricle, and obliteration of the basal cisterns and third ventricle.
Of the 40 patients studied, 34 were male, with an age range from 6 to 75 years (mean 36 Ϯ 7 years). Six patients were female, with an age range from 6 to 65 years (mean 45 Ϯ 8 years). Fifty-three percent were operated on within 3 hours of the first record of BPNR, 76% within 4 hours, and 90% within 5 hours from the development of BPNR.
Outcome was determined independently from assessments made at 6 months and 1 year postoperatively, classified according to the Glasgow Outcome Scale (GOS). 14 Statistical analysis was performed by the chi-square test. However, in view of the small or asymmetrical numbers of subjects in many subgroups, most data are presented after inspection for trends and associations.
Patient Outcomes
Seventeen patients (43%) died. The duration of survival of the deceased patients was 3.2 Ϯ 0.2 days. Two patients (5%) remained in a vegetative state. The most frequent outcome category for survivors was severe disability (11 cases; 27%); two patients (5%) had a good outcome and eight (20%) had moderate disability. Eighty percent of patients reached their optimum outcome by 6 months postoperatively. There was no significant difference in outcome with respect to gender. There were only two patients (5%) aged over 65 years; both died. Seventy-five percent of the patients were younger than 50 years of age. In subjects under 20 years of age, more than half made an independent recovery. Increasing age was consistently associated with worsened outcome and increased mortality ( Fig. 1 ), but the differences were not statistically significant. A serious hypoxic episode occurred prior to surgery in 10 patients, and eight patients had a hypotensive episode. The mortality rate was 40% in patients with hypoxic episodes and 71% in patients with hypotensive episodes. Table 1 shows the relationship of outcome to motor response. No patient with absent motor response survived. Apart from this observation, no relationship was apparent between worsened motor response and increased risk of mortality, and there was no significant difference among the survival rates of patients with localizing (40%), flexing (46%), or extending (41%) motor response. Four of 21 patients with "bilateral extensor or absent motor responses" recovered, compared with six of 19 patients with better responses. Pupillary responses were not present in one patient who was obeying commands, a 33-year-old man with an extradural hematoma. He was operated on within 3 hours of BPNR and remained severely disabled.
Motor Response and Duration of Pupillary Nonreactivity
The timing of the operation (that is, the interval from the first record of BPNR until craniotomy) ranged from 1 to 9 hours. When BPNR was known to have been present for 3 hours or less, the majority of subjects (14 of 20; 70%) survived. Of the 16 patients who underwent surgery more than 3 hours from the onset of BPNR, only six (37%) survived; three had moderate and two had severe disability, and only one, a 7-year-old patient with an extradural hematoma, had a good outcome. None of the patients who were operated on after 6 hours of BPNR or following a period of 4 hours of BPNR with absent motor response survived. However, this refers to a small number of patients and clearly survival and recovery predictions cannot be based on this number alone.
Our data (not shown) provided some evidence that patients who had early postoperative recovery of pupillary reactivity had a better outcome, but the analysis did not clearly define this relationship. Although we routinely tested the pupils every few minutes, we did not detect any transient preoperative recovery of pupillary reaction, for example, as a result of the administration of mannitol or anesthetic agents. However, this is impossible to rule out, especially if it occurred while the patient was inside the CT scanner or prepared and draped for the operation.
Computerized Tomography Features
Several patients had multiple focal lesions. Extradural hematoma was the primary lesion in 11 patients and was an associated lesion in three other patients. The most common primary mass lesion was subdural hematoma, found in 22 patients; in 11 other patients, subdural hematoma was a smaller lesion than the primary one. Intracerebral hematoma/contusion was the primary lesion in seven patients and a secondary lesion in 14 patients. There were 68 lesions in the 40 patients studied.
The mortality rate of patients with a subdural hematoma was 64%, compared to 18% in patients with an extradural hematoma (Table 2) ; the difference was statistically significant (p Ͻ 0.05). It should be pointed out, however, that among the eight patients with a subdural hematoma who were operated on 3 hours or more after the onset of BPNR, only one survived, making a mortality rate of 88%.
The presence of SAH was associated with increased mortality (Table 2 ) but the association was not statistically significant. In patients whose CT scans showed SAH, 10 of 14 (71%) died or survived in a vegetative state. In the absence of SAH only nine (35%) of 26 patients died, and approximately one-third made an independent recovery (Table 2) .
Twenty-three patients displayed evidence on CT of complete obliteration of the basal cisterns (Table 2) ; the presence of such obliteration worsened outcome. The mortality rate associated with each CT sign of increased intracranial pressure was as follows: midline shift, 50%; decreased size of ventricles, 56%; ventricular asymmetry, 59%; obliteration of basal cisterns, 61%; third ventricle obliteration, 62%; and contralateral ventricular dilation, 63%. It was not possible to establish whether any of these features was a stronger negative predictor than another.
Discussion
Our study confirms the well-established association between the absence of pupillary reactivity before evacuation of a traumatic hematoma and a high probability of poor outcome. However, of far more importance, our results also show that BPNR by itself does not indicate that a poor outcome is inevitable; indeed, a significant proportion (25%) of patients survived to make an independent recovery. Furthermore, our observations provide information about the importance of the duration of BPNR and the contribution of clinical data and CT findings to predicting outcome.
Overall Outcome
Almost one-half of our patients either died or remained vegetative. Bilateral pupillary nonreactivity has been associated with mortality rates of 70% to 90%, Table 3 shows the relationship of mortality to clinical variables in several series. Two factors in the more favorable outcome in our series may be that 28% of our patients had extradural hematomas, with an 18% mortality rate, and that surgeons in Glasgow avoid operating on patients who have been in a coma from the time of injury and who are more than 65 years old. Our findings confirm that outcome was better in patients with an extradural hematoma than in those with an intradural lesion. Among the factors that may explain this are the younger age of patients with an extradural hematoma and the association of intradural lesions with more severe primary parenchymal damage.
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Effect of Delayed Surgery on Outcome
When BPNR was known to have been present for 3 hours or less, the majority of our patients survived. Time intervals are frequently referred to in studies of outcome after treatment of traumatic hematoma, but the picture is confused by imprecise definition of the intervals. In particular, it is vital to distinguish between the time from injury to operation, and the time from onset of deterioration or appearance of features such as BPNR to operation. An extensive series failed to show a relationship between reduced time from injury to operation and improved outcome, 4 but most studies support this view. 10, 11, 24 In one study patients with intracranial hematoma and decerebrate posturing who underwent surgery more than 6 hours after injury did not survive, whereas 40% of those operated on within 6 hours of injury did survive. 10 In other studies, a lapse of more than 4 hours between injury and surgery increased the mortality rate from 30% to 90%, 24 and a delay of more than 2 hours increased the mortality rate from 48% to 80%. 11 Therefore, the importance of minimizing the time lapse between injury and surgery is clearly established, and our data indicate that it is particularly important to minimize the time lapse between onset of BPNR and surgery.
Motor Response
There were surprising aspects of the motor response in this series. First, BPNR was not always preceded by severe deterioration of motor responses; indeed, in six of 40 patients (15%), the best motor responses were of localizing and, in one case, of obeying commands. Second, a trend was seen for an association between better motor responses and an increased prospect for recovery, but this was not strong. The prognostic value of the motor response is well established, and there may be specific reasons for the lack of stronger effect in this population. The early assessment of motor response after injury may reflect the effects of primary impact, rather than secondary compression, and recovery from brief periods of immediate posttraumatic extensor response is well described. When patients are treated by early intubation, ventilation, and pharmacological paralysis, the level of motor response at the time of neurosurgical intervention cannot be known. Thus, patients actually may have been in better or worse condition than recorded. Our findings, therefore, emphasize that caution is essential in interpreting the prognostic significance of initial posttraumatic clinical features noted before intubation.
Mechanisms and Pathophysiological Significance of Pupillary Nonreactivity
The etiology of the discrepancies between motor response, pupillary reactivity, and outcome that we observed may be due to a number of factors. There are different pathophysiological processes responsible for motor and pupillary abnormalities due to cerebral compression and displacement. It is well recognized that pupillary abnormalities in the presence of relatively preserved consciousness and motor responsiveness occur after chronic subdural hematoma. Thus, pupillary abnormalities may reflect extraaxial compression of the third cranial nerve, which may be due more to the extent of anatomical displacement, whereas bilateral motor abnormalities are presumed to reflect intraaxial brainstem ischemia, for which many factors may be responsible. Third cranial nerve nuclei in the brainstem may be more vulnerable to ischemia than are corticospinal pathways. In one study brainstem cerebral blood flow (CBF), as measured by xenon CT, was variable and did not correlate with clinical signs of brainstem dysfunction when measured early after injury, 3, 18 indicating that isolated posttraumatic brainstem ischemia cannot explain BPNR or coma after severe head injury. 3 In the same xenon CT study, 18 patients with unilaterally abnormal pupillary responses demonstrated decreases in regional CBF, mainly confined to the brainstem, whereas patients with bilaterally unresponsive pupils demonstrated more global hypoperfusion. 3 It is thus tempting to speculate that global hypoperfusion induced by a large compressive hematoma leads to BPNR and that when reperfusion is achieved rapidly by removing the hematoma, recovery of pupillary reactivity may be achieved more frequently than has been thought.
Computerized Tomography Features
The well-established negative prognostic associations of basal cistern effacement 8, 23, 27 or traumatic SAH 8 observed on CT was supported by our data. In the present study, the mean time to death was only 3.2 days. This interval is not consistent with the development of vasospasm and secondary ischemia from this cause. Our results therefore suggest that the relationship between poor outcome and evidence of SAH on a CT scan may be due more to the severity and mechanism of the injury, rather than to secondary vascular complications.
Conclusions
Bilateral pupillary dilation and loss of reactivity are not sufficient evidence on which to base a decision about whether to evacuate an acute traumatic intracranial hematoma; in this series, one patient in four recovered to an independent outcome. This concept still applied even when combined with an extensor motor response. Within the short interval between BPNR and surgery, the motor response was not a powerful predictor. Computerized tomography data obtained immediately before craniotomy appear to be better predictors than the initial motor response recorded before neuromuscular paralysis and intubation. The presence of an acute subdural hematoma was the single most important predictor of negative outcome in patients with bilateral unresponsive pupils. Poor prognosis was associated with several clinical or CT features. However, there is not sufficient evidence to say that any particular sign by itself provides adequately reliable information for withdrawal of surgical treatment.
Before a treatment limitation decision is made, practitioners should bear in mind that pupillary or motor unresponsiveness may develop because of primary impact injury to the brainstem or second or third cranial nerves, or because of peripheral factors such as local injuries to the eyes, face, skull base, spine, or limbs. Such lesions might occur in a few patients without obvious external signs. Extreme caution should be applied in evaluating such patients. Our current data underline the point we have made elsewhere about the limitations of attempts to find combinations of two or more features that are highly predictive of outcome in severely head injured patients. 20 We have shown that the provision of predictive information to neurosurgical teams does have an effect on how patients have been managed 20 and that most neurosurgeons, when faced with difficult decisions, regarded the likely outcome as the most important factor influencing management. 1 In decision making, however, it must be recognized that prognosis is only one factor, it is best estimated from a multiparametric approach, and it has to be considered along with other features.
